Commitment device theory suggests that temptations to consume addictive goods could be reduced by the regulatory removal of geographically close environmental cues. We provide new evidence on this hypothesis using a quasi-natural experiment, in which gambling regulators removed slot machines from some, but not all, neighborhood bars. We find that the removal of slot machines reduced personal bankruptcies of close neighbors (within 100 meters) but not neighbors slightly farther away. This is consistent with the removal of neighborhood slots serving as an effective spatial commitment device, which reduced close neighbors' temptation to gamble, thus allowing them to avoid bankruptcy.
Introduction
An extensive literature in behavioral economics has examined the use of commitment devices, in which agents attempt to avoid behavior that is pleasurable in the short term but that can be harmful in the long term (see surveys by Bryan, Karlan, and Nelson, 2010; and DellaVigna, 2009) . One important element of the commitment device literature has examined the impact of geographically close cues on the consumption of addictive goods Rangel, 2004, and Beshears, Choi, Laibson, and Madrian, 2005) . Examples of such cues include the sight of cigarettes causing smokers to crave a cigarette or the sound of ice in a glass causing an alcoholic to crave a drink (see e.g., Laibson, 2001 ). An important policy implication of this argument is that the regulatory removal of the geographically close cue can serve as a spatial commitment device because it can reduce the temptation to use the addictive product.
Despite the important policy implications of this issue (i.e., the very large social and personal costs of addiction), empirical evidence remains scarce. This is largely because of the difficulties of identifying and measuring commitment opportunities (e.g., regulators removing specific cues for addictive goods from individuals). Bernheim, Meer, and Novarro (2016, p. 42) , for example, have recently highlighted this scarcity of evidence by commenting that "evidence that users of addictive substances actually value commitment opportunities is almost entirely limited to anecdotes."
The aim of this paper is to provide such field evidence. Specifically, we examine the removal of a spatially close cue as a commitment device by exploiting a unique quasi-natural experiment, implemented by the gambling regulator in the Canadian province of Alberta. The Alberta gambling regulator removed slot machines from some, but not all, neighborhood bars over an 11-year period, so that approximately one-quarter of all neighborhood bars with slot machines in Alberta had their slot machines removed. The motivation for this policy by the Alberta gambling regulator was based on the argument that removing slot machines from specific neighborhoods would reduce consumption of these devices in those neighborhoods.
Our quasi-natural experiment is very similar to the theoretical discussion by Beshears, Choi, Laibson, and Madrian (2005) , who describe how regulators could provide spatial commitment devices to help addicts avoid consumption by limiting the geographic availability of an addictive product. In the context of smokers and cigarettes, Beshears et al. (2005) argue that, in a "free market environment, rationing [the smoker's] cigarette consumption is difficult.
Whenever he runs out of cigarettes, he is likely to be near a convenience store that will gladly sell him another pack. In contrast, if cigarette vendors were few and far between, then the smoker would be able to partially precommit to a particular quantity of cigarettes. For example, precommitment would be possible. … [if] impulses to buy additional cigarettes might be easy to resist given the transactions costs of … returning to the [more distant store]" (pp. 45-46) . This theoretical discussion by Beshears et al. (2005) describes the key mechanism underlying our Alberta quasi-natural experiment. In the terminology of Beshears et al. (2005) , we examine whether regulatory increased distances between consumers and sellers of addictive products allow these consumers to precommit to reduced consumption because their increased distance-related transaction costs reduce their impulse to buy the addictive product. Both our context and that described by Beshears et al. (2005) can be described as a soft commitment, in that there is no direct financial or physical punishments for the individual to break the commitment, for example, by traveling to the remaining (but more distant) slot locations or cigarette stores.
While our focus is on the spatial regulation of slot machines, the regulatory issues we address are relevant to any addictive product in which supply is regulated (e.g., slot machines, cigarettes, alcohol, and, in an increasing number of jurisdictions, marijuana). Beshears et al. (2005) argue that, while regulators can implement various kinds of soft commitment devices (e.g., restrictions of supply over time; or restrictions of supply over space), all of these potential restrictions of supply require rigorous empirical evidence to determine their effectiveness.
Our quasi-natural experiment, therefore, allows us to provide new evidence on the regulatory policy of spatially restricting the supply of addictive products. Specifically, if the regulatory removal of this spatially close cue (i.e., the slot machines 1 ) from a specific neighborhood is effective as a spatial commitment device (i.e., if individuals in the immediate neighborhood gamble less because of the removal of the slot machines), then we should observe a reduction in the negative outcomes associated with slot machine usage, for example, a reduction in bankruptcy filings in that neighborhood. Our empirical tests thus examine the _______________________ 1 In this paper, we use the term "slot machines" or "slots," commonly used in the U.S., even though these machines are known by various names around the world. They are also known as "video poker" in the U.S., "video lottery terminals" (VLTs) in Canada, "fruit machines" in Britain, and "pokies" in Australia. They are also known by the more generic term electronic gaming machines (EGMs) (Smith and Campbell, 2007) .
impact that the regulatory removal of slot machines from a specific bar had on subsequent bankruptcy filings within that very small neighborhood.
Slot machines are an appropriate commodity to provide field evidence on the cuetriggered consumption (Laibson, 2001 ) of addictive products. First, slot machines are specifically designed (Dow Schull, 2012) to generate environmental cues (particularly loud noises and flashing lights), with the aim of increasing consumption (i.e., gambling). Second, the addictive nature of slots has been documented by an extensive literature (see e.g., Dow Schull (2012)). In the popular press, slot machines are often called "the crack cocaine of gambling" because they are considered to be so addictive.
Our main reason for using bankruptcy as an outcome variable is the extensive literature linking gambling to bankruptcy. 2 However, another important advantage for our use of bankruptcy as an outcome variable is that our data allow us to observe the exact geographic location of the universe of slot machines as well as the exact geographic location of the universe of bankruptcy filers in Alberta. These exact geographic data are central to our econometric methodology and identification strategy. We implement a difference-in-differences methodology, examining the removal of slot machines from the very small neighborhoods surrounding the various bars at the dates that the regulator removed the slots from each bar.
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Our spatial identification strategy is similar to previous studies of neighborhood-level shocks (e.g., Currie, Davis, Greenstone, and Walker (2015) , and many others), in that we define treatment neighborhoods as areas within very short distances (within 100 meters) from the closed slot machine location and control neighborhoods as areas slightly farther away. These geographically very small treatment and control groups allow us to control for possible selection issues (e.g., where regulators select to remove slots from specific neighborhoods based on unobservable political bias). The identification assumption is that, while unobservable political bias could affect political choices between larger areas (e.g., politicians or regulators selecting _______________________ 2 Barron, Staten, and Wilshusen (2002); Daraban and Thies (2011); Garrett and Nichols (2008) ; Grote and Matheson (2014) ; Komoto (2014); and Thalheimer (2004) .
between various towns or cities), it is unlikely that there will be political bias between the few hundred meters that constitute our treatment and control groups.
We argue that the mechanism by which distance can act as a commitment device to avoid temptation is based on what Bernheim et al. (2016) describe as the availability strategy, which they describe as a strategy to "limit the availability of a problematic good by not maintaining an easily accessible supply" (p. 42). The examples of the availability strategy provided by Bernheim et al. (2016) all relate to not keeping temptation goods (e.g., cigarettes, alcohol) "at home." In our paper, we slightly extend the spatial context of the Bernheim et al. (2016) examples by examining temptation goods (in our case, slot machines) that are located within close distance from home, rather than "at home." Our testable version of the availability strategy hypothesis, therefore, is that temptation goods that are spatially very close to home will provide higher levels of temptation because they will be more readily available, compared with temptation goods that are slightly farther away from home, which we argue will provide lower levels of temptation because they are more likely to be "out of sight and out of mind."
Our empirical strategy allows us to differentiate between our availability strategy hypothesis, which suggests that removing a close environmental cue will act as a commitment device to reduce consumption, and an alternative hypothesis, which suggests that only distancerelated transactions costs rather than commitment device issues will affect consumption. If a treatment group very close to the slots (e.g., within 100 meters) faced significantly higher temptation from slot machines compared with a control group (e.g., residents 500 meters to 600 meters away from slots), then the availability strategy hypothesis would predict that removing those slots should have a significantly larger effect on treatment compared with the control group.
On the other hand, if consumption in the neighborhood was not driven by commitment device issues (i.e., rejection of the availability strategy hypothesis), then, after the slots had been removed, both treatment and control groups could travel to the next closest operating slot machine. The differences in these travel costs between treatment and control neighbors would be the trivial costs of traveling the few hundred extra meters that differentiates treatment and control groups. Furthermore, our dependent variable is bankruptcy filing, which is an extreme form of financial distress. It is unlikely that the trivial additional cost of traveling a few hundred extra meters will be large enough to cause significant differences in bankruptcy filings between the treatment and control groups in the absence of a commitment device opportunity from slots removal. Thus, a finding of no significant differences between the treatment and control groups would be consistent with treated neighbors not using the removal of the slot machine as a spatial commitment device.
Another important advantage of our ability to define radii of various small distances from the slot location is that we can examine the effectiveness of this commitment device at various distances. Specifically, in our setup, we can redefine our treatment group as neighbors at various distances from the slot machine location (for example, within 0 meters to 100 meters or alternatively within 100 meters to 200 meters etc.) while holding the control group constant (e.g., 500 meters to 600 meters). This approach allows us to provide additional evidence on the availability strategy, which predicts that the commitment device should be more effective at very close distances (e.g., between 0 meters and 100 meters) compared with slightly farther distances (e.g., between 100 meters and 200 meters).
Our main finding is that there is a significantly greater decline in personal bankruptcies after slot machines are removed in the treatment groups compared with control groups, which is consistent with the availability strategy hypothesis. In terms of economic magnitudes, we find that the removal of an additional 1 percent in total dollars gambled on slots causes a reduction of approximately 0.0046 bankruptcies per postal code year in the inner ring compared with the outer ring. This is a 2 percent reduction in bankruptcies compared with the average of 0.22 bankruptcies per postal code year in our full sample. These effects are greatest when neighbors are very close to the bar where the slots were removed (within 100 meters) but decrease in size and statistical significance when the neighbors are slightly farther away (within 100-meter increments between 200 meters and 500 meters).
Our results are thus consistent with the availability strategy hypothesis, which states that removing environmental cues within very close distances will have greater effectiveness as a commitment device compared with removing cues slightly farther away.
Contributions to the Literature
In addition to our main contribution of providing evidence on the regulatory removal of environmental cues being effective as a commitment device, our paper builds on, and makes contributions to, various other literatures. In the existing neighborhood disamenity literature, a variety of context-specific mechanisms have been suggested to explain why a shock to the disamenity has a larger effect on close neighbors (which we call inner rings) compared with somewhat more distant neighbors of the disamenity (outer rings). For example, research examining the neighborhood effects from toxic plants and from pollution related to traffic congestion (e.g.; Currie, Greenstone, and Moretti, 2011; Currie and Walker, 2011; and Currie, Davis, Greenstone, and Walker, 2015) is based on which pollutants are transmitted through air. Because of this, these authors can test the hypothesis that pollutants will have a bigger effect on inner ring neighbors relative to those in the outer ring. The contribution of this paper to the literature on neighborhood disamenities, is that we propose the "availability strategy" for commitment devices, as described by Bernheim et al. (2016) , as a novel mechanism explaining why a shock to a neighborhood temptation good will have a larger effect on inner ring relative to outer ring neighbors. This "availability strategy" mechanism is based on the greater levels of temptation to consume the addictive good felt by inner ring, compared with outer ring, neighbors.
Our paper also contributes to the literature on household bankruptcy. 4 An extensive literature has examined a wide variety of exogenous shocks as possible causes of household bankruptcy. This paper is the first to provide evidence that the removal of slot machines can reduce personal bankruptcy, using spatial econometric techniques to identify causality.
Institutional Context and Data
The Alberta Gaming and Liquor Commission (AGLC), an arms-length agency of the Government of Alberta, regulates all slot machines in Alberta. 5, 6 The AGLC is both the regulator of gambling across the province (with a mandate to implement government legislation and policies) and the gambling operator on behalf of the province (with a mandate to maximize government revenue from gambling). The AGLC license to operate slot machines is provided to private slot machine operators (owners of bars) and can be withdrawn at any moment.
The AGLC has provided us with monthly data for the universe of retail slot locations in the province. These data include six-digit postal codes for each slot machine location and the exact dates that the slots were introduced or withdrawn from a location. We can also observe _______________________ 4 There is extensive literature examining the impact of exogenous shocks on bankruptcy filings: Fay, Hurst, and White (2002) ; Gross and Souleles (2002) ; Gross and Notowidigdo (2011); Hankins, Hoekstra, and Skiba (2011); Gross, Notowidigdo, and Wang (2014) ; Dobbie and Song (2015) ; Li, White, and Zhu (2011); and White (2007, 2011) . Using the same Canadian bankruptcy data used in this paper, Mikhed and Scholnick (2016) examine an exogenous government cash payment as an exogenous shock, and Agarwal, Mikhed, and Scholnick (2016) examine lottery winnings as an exogenous shock.
monthly data on the total dollars gambled and the number of slot machines at each location.
Every slot machine transaction in the province is processed from the central AGLC computer, which is the source of all our data. Summary statistics of these data are shown in Table 1 their availability strategy as occurring where reduced accessibility or availability will reduce the temptation to consume addictive goods. We argue that this AGLC policy (removing slot machines from specific neighborhoods to limit accessibility within those neighborhoods) constitutes a good context in which to test the space-based availability strategy form of regulatory commitment devices.
Our context of removing slot machines from neighborhoods can be described as a soft commitment in the terminology of Bryan et al. (2010) because no direct economic or physical penalty is imposed on the individual for breaking the commitment by consuming the addictive product. Bryan et al. (2010) describe the implications of soft commitments in the context of removing an environmental cue as making it more likely for the agent to "succumb easily to some temptation, albeit in a different environment" (p. 679; i.e., an environment in which the cue has not been removed). The soft commitment nature of our context can be seen from Figures 3 and 4, showing maps of the geographic locations of bars with slots removed as well as bars with slots still available. The point of these maps is to show that, even after slots were removed from some bars, many other easily accessible locations continued to provide slots throughout our sample period.
This discussion forms the basis of our empirical strategy. For example, if we find that the regulatory removal of slots from a neighborhood did not cause a reduction in bankruptcies in that neighborhood, then this finding implies that individuals could simply have accessed the other continuously operating slot machines in slightly more distant neighborhoods. In other words, this soft commitment device was not effective at reducing slot machine use. On the other hand, if we find that the removal of slots from a neighborhood did indeed significantly reduce bankruptcies in that immediate neighborhood, then this is consistent with some slot users relying on the regulatory removal of the slots as a commitment device to reduce their slot machine use, in spite of this commitment device being soft.
Further institutional details concerning the exact timing of the removal of slots from each bar and the inability of bar owners to influence the mechanism by which the AGLC selected which slot machines to remove are described in the Appendix.
Consumer Bankruptcy in Canada
The Canadian bankruptcy regulator, the Office of the Superintendent of Bankruptcy (OSB), has provided our individual-level bankruptcy data. Because Canada has a single bankruptcy regulator (unlike the U.S.), our data include the complete universe of every bankruptcy filing in Canada. This OSB database includes the complete data on the total annual counts of bankruptcy filings for each six-digit postal code in Canada for every year between 1994 and 2013. See Table 1 for summary statistics on these data.
Geographic Data
We can match our bankruptcy and slot location data because we can observe the exact six-digit postal code of every location in both databases. Postal codes are extremely small geographic areas; there are often multiple postal codes within a single city block or within one apartment building. Because we can observe the exact longitude and latitude of the centroid of each postal code, we can accurately calculate the distance from any postal code to any other postal code.
We can also match every postal code to a larger geographic area, which is called a dissemination area ( 
Identification

Inner Ring-Outer Ring Identification Strategy
Our identification strategy is taken from the extensive neighborhood disamenity literature (described in Section 2 above), which uses very close neighbors (inner rings) of the disamenity as the treatment group and neighbors slightly farther away (outer rings) as the control group. The primary use of this setup in our context is to provide evidence on the availability strategy of Bernheim et al. (2016) by comparing inner rings (e.g., within 100 meters of the bar) as treatment groups with outer rings (e.g., between 500 meters and 600 meters of the bar) as control groups.
Furthermore, following the neighborhood disamenity literature described in Section 2, we also argue that our inner ring-outer ring setup provides a number of additional econometric advantages related to issues of identification and selection on unobservable characteristics.
In terms of identification, the main advantage of the inner ring-outer ring setup as an identification strategy is to control for neighborhood unobservable attributes. The intuition behind this identification strategy is that, using very close inner-ring neighbors as treatment groups and outer-ring neighbors as control groups can help to control for any unobserved common attributes that are shared by residents of both the inner and outer rings. If these distances are very small (e.g., a few hundred meters), then the argument in this literature is that unobservable neighborhood characteristics will be the same between the treatment group (inner rings) and the control group (outer rings). Thus, by comparing the treatment group with the control group, this identification strategy "differences out" neighborhood unobservable attributes in the inner and outer rings.
In our context, there are at least three possible types of neighborhood unobservable traits that will be controlled by using this inner ring-outer ring identification strategy. First, in contexts such as ours, in which the shock to the neighborhood (removing slot machines) is determined by regulatory edict, a key identification challenge is the possible selection of neighborhoods to treat by regulators, based on unobservable political motivations. As noted by Hinnosaar (2016) in her study of regulators restricting alcohol sales, "in the case of a policy change, it is difficult to identify the impact, since … the policy change itself is usually a political decision" (p. 110). In our context, the concern is that the Alberta gambling regulators could possibly select which neighborhoods would face the removal of their slot machines, based on unobservable political considerations.
Using similar arguments to those in the neighborhood disamenity literature, we argue that, while gambling regulators in Alberta could be politically biased between larger neighborhoods (e.g., suburbs or towns), it is unlikely that politically motivated regulators would make political distinctions within the very small areas (i.e., 600 meters or 1,000 meters in various specifications) containing both the inner and outer rings. Thus, by defining inner rings as our treatment group and outer rings as our control group, we can "difference out" any unobservable politically biased selection of that neighborhood by Alberta gambling regulators.
A second possible neighborhood unobservable attribute is non-random selection into neighborhoods, either by individuals (e.g., gamblers) or by facilities (e.g., owners of bars providing slots). Selection issues can arise if gamblers select to locate near slots locations or alternatively if slot operators select to locate near gamblers. In both of these cases, our methodology follows the existing neighborhood disamenity literature cited in Section 2 above, by arguing that, at the very small distances involved (fractions of a kilometer), the supply of locations available at the time the individuals or facilities owners decide to move into the neighborhood will be very limited. For example, Linden and Rockoff (2008) argue that "individuals may choose neighborhoods with specific characteristics, but, within a fraction of a mile, the exact locations available at the time individuals seek to move into a neighborhood are arguably exogenous" (p. 1110, italics added). Similarly, Currie et al. (2010) in their study of fastfood restaurants and obesity in schools argue that "we only require that, within a quarter of a mile from a school, the exact location of a new restaurant opening is determined by idiosyncratic factors such as where suitable locations become available" (p. 34, italics added).
A third possible neighborhood unobservable trait concerns neighborhood specific shocks, such as the closure of a local plant. The assumption in the inner ring-outer ring neighborhood literature is that, because both inner rings and outer rings are very small, the unobserved local shocks should affect them similarly. Campbell, Giglio, and Pathak (2011), for example, argue that "if there is a common shock in the neighborhood which generates an overall … trend within this micro geography, it will be captured by the difference between these two groups" (p. 2125).
Research Design Issues
Sample Selection
Our aim in the sample selection design is to provide the cleanest test of the effect of removing slot machines on neighborhood bankruptcies. To create this clean natural experiment, we define our main sample of slot machine removal events to include only bars in which there is a single slot removal event during the sample, with no other slot openings or slot removals at that bar. This is to avoid the problem of interpreting multiple events within a single event window.
As we describe below, our event windows are long (from four years before to four years after the event date) to reflect findings in the bankruptcy literature, noting that the lags between an exogenous shock and a bankruptcy filing can be long and variable (e.g., Hankins, Hoekstra, and Skiba, 2011) . Because of the difficulties of interpreting such removal and subsequent reopening events in our econometric framework with very long event windows, we remove all such removal and subsequent reopening events from our main sample.
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In some instances, the AGLC removed some, but not all, slot machines from a bar. Such episodes are also difficult to interpret in the context of our tests because gamblers could use the remaining slot machines more intensively. For this reason, we do not include such instances as events in our tests.
Because our identification strategy exploits small neighborhoods within fractions of a kilometer of the bar that had slots removed, our tests focus only on individual bars, which will have a neighborhood-level catchment area of fractions of a kilometer. It may not be appropriate to use our methodology to examine mini-casinos, city-wide casinos, or racetracks because their customer catchment areas are much larger than the small neighborhoods that are central to our identification strategy.
Another important restriction in our main sample is that there can be no proximate slot machine locations operating within a close distance (2 kilometers) of the bar that had its slot machines removed. The reason for this restriction is that, if there was an alternative slot location operating close to the bar with removed slots, this could result in geographic substitution between neighboring locations and thus affect our main results of interest. The possibility of geographic substitution between locations is particularly relevant, given that all slot machines across the province are essentially identical because all are provided by the AGLC regulator to individual location owners. This restriction removes a significant number of bar locations from our sample because many bars agglomerate in specific areas (e.g., see the maps in Figures 3 and   4 ).
However, while our main sample only includes slot locations with a single slot removal event and no other proximate slot locations, we also replicate our tests on a slightly less restrictive sample. Specifically, we examine slot locations with only a single slot removal event _______________________ 7 Some opening and removal events in our data reflect episodes of a bar owner selling her bar (including slot license) as a going concern. AGLC regulations require a new owner of a bar providing slot machines to undergo a criminal background check, which takes some time. During the period of this background check, we can observe a gap in slot machines operating at that specific location. Including such locations (with time periods with no slot machines operating) would complicate interpretation; thus, in our sample, we remove all locations where such events occurred.
but those with other slot locations within close proximity (within 2 kilometers), which operate continuously within our sample period. This sample allows us to test the specific hypothesis that, if there are indeed alternative slot locations within close proximity of the location that faced the removal of its slots, then the commitment device mechanisms described previously would be less effective.
Geographic Sizes of Inner and Outer Rings
An important advantage of our identification strategy is that, because of the fine-grained geographic data for both of our databases (slot machine locations and bankruptcy filer locations),
we have considerable freedom in defining our treatment (inner rings) and control (outer rings)
groups.
Given the lack of concrete theory as to what constitutes appropriate distances for these concepts, our empirical tests examine a variety of specifications, with different-sized inner and outer rings. For example, all of our specifications examine inner rings with nine different sizes of these rings (in meters: 0-100; 100-200; 200-300; 300-400; 400-500; 0-200; 0-300; 0-400, and 0-500). Similarly, all our outer-ring specifications examine two separate distances for these rings (in meters: 500-600 and 500-1,000). One reason for choosing these specific distances is that in no cases do treatment group postal codes (always less than 500 meters) become control group postal codes; they are always more than 500 meters.
The main prediction of the availability strategy form of commitment device is that those environmental cues that are very close will cause larger amounts of temptation compared with environmental cues farther away. We can provide evidence of this by showing that the effect of the environmental cue will be greater, for example, when the inner ring is defined as being within 100 meters compared with when the inner ring is defined as being within 200, 300, 400, or 500 meters, and so forth.
Continuous Intensity of Treatment
An important element of our research design is our use of measures of the continuous intensity of treatment. Our data allow us to observe the dollar amount of gambling at each bar for each month that the slot machines are operating as well as the number of slot machines operating in each bar in each month. We can observe the amount of gambling in the months just before the removal of the machines by the AGLC. In our models, therefore, treatment is defined as the removal of slots from a bar, while the intensity of treatment is defined as, depending on specification, either: 1) the dollar magnitude of gambling removed from each bar, or 2) the number of slot machines removed from each bar. While these two measures will be correlated,
we examine both in turn because they reflect somewhat different elements of the treatment. As we show in our results section that follows, our main empirical conclusions from using either of these two measures are very similar.
The main advantage in using the dollar amount of gambling as our intensity of treatment term is that these dollar amounts provide us with a very fine-grained measure of the actual gambling removed from that bar. This fine-grained measure of intensity of treatment allows us to test how variation in the magnitude of this treatment affects our outcome of interest. The advantage of using the number of slot machines removed as our intensity of treatment term is that the changes to the number of slot machines in a location can be interpreted as a supply shock. Recall that the AGLC regulator has complete authority to determine the number of slot machines at any location at any date. Thus, in the context of the events we are interested in, the AGLC decided at some past date on the number of slot machines to allocate to a specific bar and then subsequently decided on our event date to remove all those machines from that bar.
Intention to Treat Estimates
As with many policy evaluation-type studies using administrative data, our study estimates the intention-to-treat (ITT) effects, rather than the treatment-on-the-treated (TOT) effects. Our study makes the treatment (i.e., the slot machine removal acting as a commitment device) available to all members of the treatment group (i.e., all residents of the inner ring), but we are not able to observe which fraction of the treated group make use of the treatment (i.e., what fraction of residents of the inner ring specifically use the slot removal commitment device to reduce gambling). We are only able to observe the aggregate outcome of the treated group (i.e., the reduction in the total number of bankruptcies in the treated inner ring). As with all ITTtype studies, because we cannot observe the fraction of treated individuals who specifically use the treatment, our ITT coefficients underestimate the effect of the treatment on individuals who do indeed use the treatment.
Results
Event Study Results
In this section, we provide evidence on the effect of slots removal on bankruptcies using an event study framework. This model allows us to show when exactly these effects occurred and to test whether the parallel trends assumption of the difference-in-differences method is satisfied in our data. To accomplish this, we estimate the following distributed lag model that is similar to that of Gallagher (2014); Agarwal, Liu, and Souleles (2007) ; and Agarwal and Qian (2014) : Gambling is either 1) the log of the dollar amount of gambling in the bar with removed slots in the 12-month period before the closure or 2) the number of machines operating in this bar before the closure. T represents a set of indicator variables equal to 1 for a particular year relative to the closure year equal to 0 (e.g., 2 is equal to 1 in the second year after closure, and it is zero otherwise).
Our main coefficients of interest are 1 , which are coefficients on the three-way interaction term of Near, with the indicator variables for the years relative to closure (T) and with
Gambling. In other words, the coefficients on this triple interaction terms, 1 , measure the effect of a removal of the specific dollar amount of gambling or the number of machines from the inner ring (relative to the outer ring) for each year relative to the closure year. As is standard when including a three-way interaction term, we also include all subcomponents of this term, including all three two-way interaction terms as well as all three terms without any interactions.
In terms of defining the Gambling term (dollar amount of gambling removed or the number of machines removed), we define the last full 12 months before the date of the closure as a time invariant variable of the total dollar amount of gambling or the number of machines removed at that location. Even though we have time-varying data for these variables, these data are coded as zero in all periods after the date of the removal of the slot machines. Thus, if we were to use time-varying measures, any interaction term including the Gambling variable would take a value of zero in all periods after the closure. Because we use a time invariant definition of Gambling, the one-way Gambling variable will be perfectly correlated with the location fixed effect variable, ; thus, we drop the one-way Gambling term from our specifications.
Our event windows are long (four years before and four years after the event date)
because of the long lags between an exogenous shock and a bankruptcy filing in the bankruptcy literature. In this specification, we use the year prior to the slot machine removal event date (year t = -1) as the omitted year and compare every other year in our event period (from year t = -4 to year t = 4) with that year.
To control for the possible correlation of the residuals within a specific postal code, we cluster standard errors by postal code. Our main specification also includes bar location fixed effects, , for any unobserved differences between the bars j. Furthermore, all specifications include calendar year fixed effects, , which capture macro-time trends that could affect bankruptcy decisions. We do not include event time fixed effects (T) by themselves into any regressions because they are perfectly correlated with calendar year fixed effects. Our main specification also includes a large number of DA-level observables (with subscript da), taken from Statistics Canada census data.
If there is a causal relationship between slot location closures and bankruptcy filers (in the inner ring relative to the outer ring), we would expect significant coefficients on 1 in the years after the event (s > 0) but not in the years before the event (s < 0). We can test the parallel trends assumption of the model by testing whether coefficients 1 are statistically insignificant in each of the years before the slot removal event. A negative sign on the 1 coefficients in the years after the event implies that there should be a reduction in bankruptcies following the removal of slot machines from a specific bar when 1) comparing bankruptcies in inner rings with those in outer rings, 2) comparing bankruptcies in various years with bankruptcies in year t = -1, and 3) accounting for the magnitude of gambling withdrawn because of the closure.
Our distributed lag results are presented in Tables 2 and 3 and Figures 5 and 6 . These results show that, for all specifications for all inner-ring sizes, the year-by-year coefficients are all insignificant for all years before the event date, which is consistent with the parallel trends assumption.
These tables and figures show, however, a marked difference for years after the event date between the inner rings within 100 meters and all the other inner-ring sizes (within 200, 300, 400, and 500 meters). The 100-meter inner-ring specifications have a number of years after the event date when the coefficient is significant and negative, while the larger inner-ring specifications do not have any significant coefficients after the slots closure. Thus, these results
show that personal bankruptcies declined in the years after the slots were removed in the smallest inner-ring neighborhoods (0-100 meters) compared with outer-ring neighborhoods (e.g., 500-600 meters) with each dollar of gambling removed (or each slot machine removed).
Difference-in-Differences Results
Our standard difference-in-differences (DID) model is very similar to the distributed lag model presented in the previous section with the exception that we designate all years before the slots closure, including year 0, as a "before" period and all years after the closure as an "after" period. Thus, this DID specification is as follows:
In this specification, we include a single indicator variable, Aftert, which equals 1 in the four years after slot removal event and 0 in the four years before the event and the year of the event (year 0). The main coefficient of interest is the coefficient, β1, which is the average effect of removing an extra dollar of gambling (or an extra slot machine) from the inner neighborhood relative to the outer neighborhood for the average of the four years after the removal.
Our various results from this specification are presented in Tables 4 to 9 . In all these tables, we report various alternative measures of inner-ring sizes as columns and various alternative measures of outer-ring sizes as rows, or as panels, within each table. In all of these tables, we present only the estimated coefficient of the main variable of interest, the three-way interaction term including time, space, and intensity of treatment. In all the tables, we report five separate columns in which the outer limit of the inner ring is 100, 200, 300, 400, or 500 meters, respectively. Tables 4 and 5 provide standard difference-in-differences results for the two intensity of treatment terms (dollars of gambling removed and machines removed, respectively). The first column of Table 4 shows that slots removal reduces personal bankruptcy in the smallest inner ring we define (within 100 meters of the bar) for all outer rings we consider. This result is very robust, and the coefficients are statistically significant at 5 percent and 1 percent levels for outerring controls of either 500-600 meters (coefficient of -0.459) or 500-1,000 meters (coefficient of -0.411).
The coefficient estimate of -0.459 in the top left cell of Table 5 Table 1 ), which implies a 2 percent reduction in the number of bankruptcies after a slot machine is removed. Table 5 reports results for the same difference-in-differences specification but with the number of slot machines removed used as the intensity of treatment instead of the dollar value of gambling removed. Overall, all results in this table are very similar to the results in Table 4 , with the largest effects and most statistically significant results occurring in column 1, where neighbors are within 100 meters of the bar. This result is robust across the various outer-ring control groups we examine, including 500-600 meter (coefficient of -0.091) and 500-1,000 meter (coefficient of -0.078). This coefficient implies that each additional slot machine removed from the bar will reduce bankruptcies by 0.091 per postal code year, comparing the five years prior (including the event year), with the four years after the event date and comparing the inner ring between 0 meters and 100 meters with the outer ring between 500 meters and 600 meters.
Columns 2 through 5 of Tables 4 and 5 show that the effect of slots removal dissipates quickly with distance. The coefficients become progressively smaller in magnitude and less statistically significant as the distance of the treated inner ring increases from the bar.
While the results in Tables 4 and 5 are for a sample in which there were no other bars in close proximity (within 2 kilometers) of the closed slots location, in Tables 6 and 7, we report results in which this constraint is relaxed. In these tables, we report coefficients for a sample in which there was one other bar with continuously operating slot machines within 2 kilometers of the bar with its slots removed. This setup can serve as a placebo test. We argue that, in neighborhoods with an alternative, continuously operating, slots location, it would be harder to precommit to a reduced quantity of gambling. Thus, the commitment device opportunity presented by a closed slots bar would be weaker or ineffective. The results from Table 6 (with dollars as intensity of treatment) and Table 7 (with machines as intensity of treatment) show that, in all cases (including inner rings of 100 meters), the effect of slots removal (the triple interaction term) is statistically insignificant at conventional levels.
To examine whether the main results are driven by certain types of neighborhoods, we split the sample based on neighborhood income as measured by the DA-level census data described previously. We split the sample at the median level of income and replicate the results from Table 4 for high-and low-income neighborhoods. Tables 8 and 9 report results for these two subsamples with the dollar amount of gambling removed as the ITT effect. The results in Tables 8 and 9 show that slots removal reduces personal bankruptcies in low-income neighborhoods (Table 8) and that these effects are highly statistically significant, especially within 100 meters of a removed slot location. However, the results in Table 9 suggest that in high-income neighborhoods removing the slots decreases personal bankruptcy by a smaller amount than in low-income areas and that these coefficients are mostly statistically insignificant.
These results imply that our proposed mechanism of removing slot machines acting as a commitment device for very close neighbors is significantly more effective in low-relative to high-income neighborhoods.
8 _______________________ 8 We report the results for the number of machines removed as the ITT in the Appendix in Tables A1 and A2. These  coefficients imply the same conclusions as Tables 8 and 9 , but they are significant only at 10 percent, possibly because of the finer-grained nature of the dollar magnitude measure.
Conclusion
This paper examines the effect of the regulatory removal of an environmental cue on the consumption of addictive goods. While this issue has important theoretical as well as policy implications, existing research on it is rare because of the difficulty of identifying and measuring the exogenous removal of cues for addictive products from specific individuals. We exploit a unique Canadian natural experiment in which slot machines were removed from some, but not all, neighborhood bars by gambling regulators. We use this experiment to examine the effect of the regulatory removal of the slot machines on neighboring bankruptcy filings.
Our methodology exploits fine-grained data on the exact geographic location of the universe of both slot machines and bankruptcy filings. Our identification strategy compares treatment groups very close (within 100 meters) of the bar with control groups slightly farther away. This identification strategy allows us to control for neighborhood-level unobservable traits, such as the unobservable political bias of regulators regarding which neighborhood to treat.
Our main result is that the regulatory removal of slot machines from a neighborhood bar causes a significant reduction in subsequent bankruptcies of those neighbors within 100 meters of the bar. However, we find increasingly less significant results when we examine neighbors slightly farther away from the bar (more than 100 meters). Our results are thus consistent with the argument that individuals very close to the bar (e.g., within 100 meters) used the regulatory removal of the slot machines as a commitment device to reduce gambling, thus reducing the number of subsequent bankruptcy filings by those individuals.
Our results have important policy implications in terms of actions by regulators to reduce the harmful effects of slot machine gambling. We show that removing slot machines from neighborhoods can indeed reduce the harmful outcomes from gambling (in our case, personal bankruptcy), albeit only within a very close distance (e.g., within 100 meters from the slot machines) where the availability strategy operates.
In addition to the specific slot machine context, our results are also important in the broader context of additive products in which supply is legal but is curtailed in some way by regulators to provide possible commitment devices to consumers (e.g., cigarettes, alcohol, and marijuana). Given the possible tradeoffs between the costs and benefits of these regulated supply restrictions, empirical evidence on the effectiveness of regulatory restrictions is clearly necessary. Our paper provides evidence in one specific context, but additional evidence on the effectiveness of such regulation is required in many other contexts. (1). Each column is a separate regression with inner rings and outer rings of different radii as specified in the table header. We report results only from the three-way interaction term interacting Near X Time X Log of Dollar Amount of Gambling. This coefficient measures the effect of the removal of the dollar amount of gambling from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (1). Each column is a separate regression with inner rings and outer rings of different radii as specified in the table header. We report results only from the three-way interaction term interacting Near X Time X Number of Machines Removed. This coefficient measures the effect of the removal of an extra slots machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Log of Dollar Amount of Gambling. This coefficient measures the effect of the removal of the dollar amount of gambling from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Number of Machines Removed. This coefficient measures the effect of the removal of an extra slots machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). This test is based on a sample of postal codes with a closed slots location and an alternative slots location available within 2 km. Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Log of Dollar Amount of Gambling. This coefficient measures the effect of the removal of the dollar amount of gambling from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). This test is based on a sample of postal codes with a closed slots location and an alternative slots location available within 2 km. Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Number of machines removed. This coefficient measures the effect of the removal of an extra slots machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). This test is based on a sample of below-median income postal codes as defined by Census Canada. Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Log of Dollar Amount of Gambling. This coefficient measures the effect of the removal of the dollar amount of gambling from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. Figure headings show inner rings radii used. We use 0.5-0.6 km outer rings in all regressions. We report coefficients only from the three-way interaction term interacting Near X Time X Log of Dollar Amount of Gambling. This coefficient measures the effect of the removal of the dollar amount of gambling from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Figure headings show inner rings radii used. We use 0.5-0.6 km outer rings in all regressions. We report coefficients only from the three-way interaction term interacting Near X Time X Number of Slot Machines. This coefficient measures the effect of the removal of an extra slot machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1. provincial legislation. 10 The fact that the number of operating slot machines remained approximately constant at the legislative maximum (6,000 machines) for every month over this entire period reflects the fact that the AGLC only shifted machines from a bar to a new minicasino when the new mini-casino was ready to start operating. We thus argue that, because the timing of the building and the opening of the new mini-casino (at some unrelated location) can be considered plausibly exogenous with respect to the bar losing its slot machines, the exact date at which a specific bar had its slot machines removed can also be considered plausibly exogenous.
A.2. Can Bar Owners Influence the AGLC Decision to Remove Their Slots?
In this section, we provide institutional evidence that is consistent with individual bar owners not being able to manipulate the AGLC decision to remove slot machines from their bar (i.e., this decision is not endogenous to the bar owner).
The mechanism by which the AGLC selected bars that would have their slots removed First, all slot machines in the province are identical because all are provided to bar owners by the AGLC; thus, it is not possible for a bar owner to increase slot revenue by changing the characteristics of their machines. Second, all bar owners can be assumed to be revenue maximizers in all periods, because of the 85 percent/15 percent revenue split with the provincial government, whether or not they are facing an imminent threat that the AGLC will remove their slot machines. It is difficult, therefore, for any bar owner to specifically attempt to increase revenues in response to an impending threat by the AGLC to remove slot machines from that bar. Third, the mechanics of this AGLC decision rule are transparent to all bar owners _______________________ 10 Figure 4 shows that, in a few months, the total number of slot machines in the province was slightly above the legislated maximum of 6,000 machines. The reason for this is double counting in our data when slot machines were moved from one location to another within the same month.
over time. Bar owners are aware of revenues generated by competing bars because the average slot machine revenues are reported each year in the AGLC Annual Report.
Fourth, there is strong excess demand by bar owners for slot machines, as indicated by a long waiting list of bar owners wanting to install slot machines. The strong incentives for bar owners to have slot machines in their locations arise because of the direct revenue from the slot machine they receive but also possibly because of the increased alcohol sales from users of the slot machines. This significant excess demand for slot machines by bar owners without slots implies that bar owners who currently have slot machines will be very unlikely to unilaterally (i.e., endogenously) give up their slot machine licenses from the AGLC.
11
_______________________ 11 It is possible that a bar owner could unilaterally decide to close down her bar, leading to the removal of slot machines from that location. However, based on discussions with AGLC managers, it is much more common that a bar owner would sell her bar as a going concern rather than shut it down completely. This is because such a bar would have two very valuable assets -a liquor license and an allocation of slot machines -that would both lose all their value if the bar was shut down; however, they would both retain their value if the bar was sold as a going concern. (2). This test is based on a sample of below-median income postal codes as defined by the census in Canada. Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Number of machines removed. This coefficient measures the effect of the removal of an extra slots machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively. (2). This test is based on a sample of above median income postal codes as defined by the census in Canada. Each cell is a separate regression with inner rings and outer rings of different radii as specified in the cell header. We report results only from the three-way interaction term interacting Near X Time X Number of machines removed. This coefficient measures the effect of the removal of an extra slot machine from the inner ring (relative to the outer ring) for each year (relative to the omitted year t=-1). A negative coefficient implies that the removal of slot locations reduces the number of bankruptcies. This specification includes slot location fixed effects, calendar year of bankruptcy fixed effects, and control variables reported in Table 1 . Standard errors are clustered by postal code and reported in parentheses. Statistical significance at 1, 5, 10 % levels is denoted by ***, **, and *, respectively.
